The increasing incidence of head and neck cancer (HNC) in Africa is mostly due to increasing smoking habits, westernization in lifestyle and diet, HIV/HPV and unfavourable fiscal policies for health.
Oral cancer potentially constitutes a notable fraction of the global cancer burden, particularly in developing Africa. A heterogeneity in the anatomy-based HNC nomenclature has resulted in underestimation of its incidence and significance worldwide.
The global cancer statistics database (GLOBOCAN) was used to evaluate the combined data of cancer incidence in two subsets: a.) excluding HNC and b.) including oesophageal cancers (Upper Aerodigestive Tract Cancer: UADTC). Combined age standardized incidence rates (ASIR) of HNC and UADTC were analyzed using both regional and individual country-derived data.
Frequency ranking of HNC in Africa increases dramatically when cancers from contiguous HN regions are evaluated, compared with considering oral cancer data alone.
UADTC and HNC ranked second and third in Africa, respectively. Similar trends were observed by global development index evaluation.
With the exclusion of a few urban regions, the diagnostic and treatment opportunities for HN/UADT cancers in sub-Saharan Africa are dismal.
Effective education and research efforts by local and international (non-) governmental agencies are urgently required to reduce the associated morbidities.
Oral cancer burden, Africa, research, HNC, UADTC Cancer is a major public health problem and a leading cause of death worldwide. It was estimated that between 1975 and 1990, there was a 37% increase in cancer cases with an annual growth rate of 2.1%. By the mid-nineties, over 10 million new cases were diagnosed with up to 6 million reported deaths. It is expected that this figure would have doubled by 2020. 1 Similar trends were observed in the GLOBOCAN 2008 database where approximately 60% mortality to incidence ratio was observed.
It was also observed that 56% and 64% incidence and mortality figures respectively were reported in the developing world where cancer prognosis tends to be worse, due to late stage presentation, limited human resources and poorer infrastructure. 2 Most recently, global cancer incidence and mortality figures were reported to be 14 and 8.3 million respectively, [3] [4] [5] showing a steady increase as earlier predicted.
Oral cancer, which can be described as a malignant neoplasia originating in the oral cavity or on the lip, 6 ranks as the sixth most common cancer worldwide and as third in developing nations, with a high age standardized However, there is apparent under-reporting of cases in many countries in Africa due to lack of cancer registries, cancer control programmes, modern health infrastructure, access to healthcare, finances, educational levels and existing religious and cultural beliefs. In addition, most databases have considered cancer in various anatomical locations as different entities attracting separate consideration, albeit that the processes of squamous carcinogenesis in the UADT are biologically similar.
This pattern is also extended to cancers in the anatomically contiguous head and neck region and has resulted in ambiguity in nomenclature. For example, terminologies like 'oral cancer", "orofacial cancer", "oropharyngeal cancer", "head and neck cancer", and "upper aerodigestive cancer" have been used interchangeably to describe mainly malignant squamous tumours in the maxillofacial region.
To be able to address these inconsistencies in anatomybased nomenclature and to standardize the comparison of epidemiologic studies, it has been suggested that the rubrics of the International Classification of Disease (ICD-10) for oncology should be employed for cancers in the head and neck region. 10 The inherent heterogeneity in oral cancers and the potential direct extension of these lesions depending on the time of presentation deserve careful consideration, particularly in Africa where most patients present late. Besides, due to limited manpower most cancer cases involving the lip and oral cavity, nasopharynx, other pharynx, larynx, and upper oesophagus may be diagnosed by the oral and maxillofacial pathologist or general pathologist in most African countries.
Presenting the burden of oral cancer in a fragmented manner may not reflect its high importance. There is an urgent need for coordinated research amongst health governing bodies and policy makers especially in Africa where most cases are not accurately reported.
Low and middle income countries (LMIC) account for 80% of the worldwide cancer burden, but receive only 5% of the global financial resources for cancer care. 11 Many countries in Africa are undergoing economic modernization resulting in major changes in diet and lifestyle, smoking, and in sexual behaviour, having a potential influence on infections such as Human Immunodeficiency Virus (HIV) and Human Papillomavirus (HPV).
The burden of infectious diseases like malaria, cholera, HIV and tuberculosis (TB) has been a focus in Africa, against a backdrop of an increasing burden of non-communicable diseases (NCDs) such as cancer. 12 According to the World Health Organization (http://www.who.int) NCD factsheet in 2011, NCD-related mortality by 2030 will exceed the combined mortality of maternal and perinatal deaths from communicable and nutritional diseases.
The biologic behaviour of oral cancers vis-à-vis determining which would run an aggressive or indolent course, adds another layer of intricacy to diagnosis and management. 13 This paper, using a quantitative/descriptive analysis of the IARC/WHO GLOBOCAN database (http://globocan. iarc.fr), demonstrates that the combined burden of oral cancer in Africa is much higher than is often reported. This emphasizes the urgent need for further research into the true burden in the African continent.
We reviewed secondary data archived by WHO and IARC in GLOBOCAN 2008 14 and 2012 5 global cancer statistics.
Age standardized incidence rates for cancers affecting different regions of the human body were documented and analyzed using quantitative statistical methods; and visualized using stacked bar graphs, pie charts and tables.
The GLOBOCAN database available at IARC provides updates of age-standardized incidence, prevalence and mortality rates of major cancer types for 184 nations of the world. 5 The data are available for both sexes. There is a continual effort to improve the quality of data and coverage, albeit figures may not be consistent over a prolonged period and may result in differences every update.
Hence the database may not be optimal for making time-course statistical inferences due to potential methodological differences between updates. Data are derived from national and regional sources using percentage data coverage, rates and frequencies. The mode of estimation is country-specific and the quality of data is dependent on the standard of information available locally.
Estimates are made where local sources are inadequate. Country-specific summaries of the burden of disease of any major type of cancer can be accessed using the "factsheet" option. Typically, this option generates basic statistical summaries about the eight commonest cancers as well as regional and country-specific data. In addition, an option for simple online analysis can generate additional visualization such as maps and graphs.
ASIR for contiguous regions of the oral and maxillofacial and head and neck structures were combined. The newly generated combined incidence was compared with the incidences of other major cancer types in the body, excluding non-melanoma skin cancer.
This was done for sixteen representative regions of the world as well as twelve specific countries which were selected to reflect the comparative differences between Africa and other regions of the world.
ASIR for cancers involving the lip and oral cavity, nasopharynx, other pharynx, and larynx (which are typically diagnosed by many oral and maxillofacial pathologists in the African diagnostic histopathologic settings) were combined to reveal the true burden of Head and Neck cancers in Africa (Figure 1, p479 ). Figure 1 . Workflow for combined ASIR of HNC and UADTC in Africa. Lip and oral cavity, nasopharynx, larynx and other pharynx were combined to get the HNC subset. Addition of esophagus to HNC results in the formation of the UADTC subset. As the combined ASIR of the constituent regions are added together, the burden grows.
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The combined ASIR of these four contiguous regions was termed "Head and Neck Cancer (HNC)". [15] [16] [17] A HNC burden map was also constructed using the online analysis function.
Considering that oral and maxillofacial pathologists sometimes diagnose oesophageal pathological lesions as well, a second subset was created which included cancerous lesions of the oesophagus.
The five regions included in this subset were lip and oral cavity, nasopharynx, other pharynx, larynx and esophagus ( Figure 1 , above).
This subset was termed "Upper Aerodigestive Tract Cancer (UADTC)". [18] [19] [20] [21] The online analysis function was used to construct a UADTC burden map.
Data was extracted from the GLOBOCAN website and saved in spreadsheets (Microsoft Excel version 2010).
HNC and UADTC combinations were performed in separate worksheets. For regional and country-specific analysis, pie charts and stacked bar graphs were constructed using the same version of Microsoft Excel.
The combined ASIR of HNC and UADTC in African regions and countries were compared with those of other more developed parts of the world. The proportions of the burden of HNC and UADTC compared with all other cancers were evaluated using stacked bar graphs.
Sixteen regions were examined to assess how the combined ASIR of HNC and UADTC performed globally. Continental regions (n=4) included were: Africa, Europe, North America and Asia.
Subcontinental regions (n=8) included were: Sub-Saharan Africa, Western Africa, Eastern Africa, Southern Africa, Northern Europe, Western Europe, Southern Europe and Central and Eastern Europe.
Other regions (n=4) included were: the European Union (EU-27), World, More-developed regions and Less-developed regions of the world. The Emerging HNC and UADTC rankings for these regions were evaluated for comparison.
Ranking of HNC and UADTC was also examined at representative but randomly selected sub-Saharan and non-African country levels. This was done by comparing HNC and UADTC burden in the twelve selected countries.
African countries (n=6) included were: the Republic of South African Republic (South Africa), Mozambique, Zambia, Kenya, Nigeria and Sudan. Other countries (n=6) included were: the United States of America (USA), Japan, Germany, United Kingdom (UK), France (La Reunion) and France (Metropolitan).
HNC and UADTC burdens for these regions were compared with the data for all other cancers as had been effected for the regions. These burdens were also compared between African countries and the other six countries which had been included.
Finally, we compared the GLOBOCAN 2012 with the 2008 data using a similar methodology. Briefly, HNC and UADTC burdens were evaluated and compared for African regions and countries and other developed regions of the world. Also, the combined ASIRs of HNC and UADTC were compared with all other cancers.
The precise burden of cancers in the head and neck regions in Africa has been unclear due to several mitigating factors such as poor documentation of cases, poorly defined nomenclature and a lack of well-established functioning cancer registries across the continent.
Our findings using this uncomplicated approach to redistribute the combined Head and Neck cancer ASIR data have spurred our interest in uncovering the true burden of cancer in Africa and in enhancing possible understanding of the economic and health impact on the populations.
Currently, there is a dearth of locally derived data on head and neck cancer in many African nations; and it is plausible that accurate determination of the burden of a disease can be extrapolated from global data repositories as has been done here. All Age-Standardized Incidence Rates (ASIR) values are "per 100,000 persons per year".
The combined indices of head and neck cancers, HNC and UADTC, were compared worldwide to determine the burden of disease in Africa compared with the rest of the word. For HNC, estimated ASIR were combined for the nasopharynx, other pharynx, lip, oral cavity and larynx.
Similarly, ASIR for these regions including oesophagus were combined for UADTC. ASIR distribution for HNC revealed that less than 25% percent of the Africa continent, (Figure 2A, p481) .
Hot spots for HNC as observed in this estimation were identified in the southern African region where ASIR values were mostly greater than 13.1, whilst the values were greater than 20.0 in the north-western parts of this region and in Madagascar. Values greater than 13.1 but less than 20.0 were found as well in some parts of eastern Africa.
In comparison with the rest of the world, hot spots for HNC were identified in northern and eastern Europe and most of the northern, central and southern parts of Asia. No region in northern America has HNC ASIR values greater than 20.0 except in the Caribbean region; and more than 50% of the northern America region has an HNC ASIR value below 13.1.
This picture changes dramatically when we look at the ASIR's of the UADTC; almost 25% of Africa is greater than 20.0. Nearly half of Africa is a UADTC hot spot if we lower the ASIR cut-off values to 14.2 and above.
There are areas with ASIR greater than 28.0 and less than 61.4 in eastern, southern and south-eastern Africa, as well as Madagascar (Figure 2B, p481) . The UADTC burden did not seem to change much in northern America, while there was a shift in high burden of UADTC towards the southern regions of Asia.
We have chosen a few countries to demonstrate the difference in burden between highly developed nations compared with the less developed world. Twelve countries and sixteen regions were sampled in this study.
The proportion of combined incidence of HNC and UADTC compared with that of other cancers was evaluated and ranked at the regional and country level. With a combined ASIR of 7.1, HNC ranked sixth in the world, in keeping with the literature. However, UADTC ranked 3rd globally with a combined ASIR of 12.0.
The ranking ranged between the fourth and fifth positions for most European regions and for northern America. HNC ranked fifth in Asia with a combined ASIR of 8.0 and notably was second in the UADTC ranking (Table 1, p486 ). The picture was quite different when we considered African regions which generally had rankings of higher incidence both for HNC and UADTC. HNC ranked third in Africa with a combined ASIR of 7.8, while UADTC ranked first with a combined ASIR of 13.2.
Looking at the sub-Saharan region HNC ranked fourth while UADTC ranked second. HNC ranked fourth and third in southern and western Africa respectively; while UADTC ranked second and third in these regions respectively.
Interestingly, UADTC ranked first in eastern Africa with a combined ASIR of 17.9 with a HNC ranking of fourth position and combined ASIR of 7.5. We observed that HNC ranked second, third, fourth and fifth for Sudan, Nigeria, Zambia, South Africa and Mozambique respectively; UADTC ranked first, third, third, second and third in these five African countries respectively.
Low rankings were found in Japan, the United States of America and Germany where HNC rankings were ninth, sixth and fifth respectively; and their corresponding UADTC rankings were all fifth respectively (Table 2, p486) ).
HNC ranked fifth in the United Kingdom while UADTC ranked in fourth position. In France, HNC ranked second and fourth in La Reunion and the Metropolitan regions respectively. UADTC ranked first in La Reunion region but in contrast remains fourth in the Metropolitan areas.
This shift in ranking between the urban and rural areas both regionally and by country seems to indicate that the burden of oral cancer requires further investigation.
Another indicator that we examined was to compare the GLOBOCAN data on more developed regions of the world with that of less developed regions. Usefully, the database has readymade estimates on these two regions. Not surprisingly, when computing the HNC and UADTC ASIRs we found high rankings in less developed regions compared with the more developed region, a finding consistent with our findings so far.
HNC ranked fourth in the the less developed world with a combined ASIR of 8.4; while UADTC ranked second in relation to other cancer with a combined ASIR of 15.6. In contrast, HNC ranked sixth in the more developed world with a combined ASIR of 3.6 and UADTC, with a combined ASIR of 5.1, ranking fourth (Table 1, P486) . Similar comparisons of ranking between these two regions can also be seen in the stacked bar graphs and pie charts ( Figures 3A, P482 and Figure 5 , p484).
While we had observed these pertinent findings using the GLOBOCAN 2008 database, we then evaluated the latest database for any major differences in HNC and UADTC and found that not much has changed in terms of these combined burdens.
Notably, UADTC now ranks second in Africa with a combined ASIR of 11.7; but still ranks fifth in North America with a combined ASIR of 6.2. HNC retains its third position ranking in Africa with a combined ASIR of 7.3 but drops to sixth position in North America with a combined ASIR of 4.6 (Figure 6, p484 There is an increasing burden of cancer in developing economies worldwide 2 and researchers in these regions may be expected to play an important part in understanding its precise impact in the regions.
With limited healthcare facilities in developing countries, there is a current struggle to attend to the burdens of various infectious diseases. They are also ill-prepared for the pandemic levels that cancer may reach if counter measures are not promptly implemented. 22, 23 Several factors interplay with the diagnosis and management of cancer in Africa, including cultural beliefs, religion, educational levels, lack of reliable public transport over great distances and poverty.
Religious beliefs, for example, have been found to play an important role in the attitude towards and management of cancer, 24 and may play a role in a heavy cancer burden.
Political issues and governmental policies also contribute to the current situation in Africa. It has been reported that many of the poorest countries in the world allocate a substantial proportion of their health budget towards funding tertiary health facilities, as well as funding overseas health treatment trips for highly politically connected and privileged individuals, thereby denying the indigent populations access to good basic healthcare. 25 Focusing on addressing the severe inequalities that exist in cancer management in LMICs will improve control in an manner analogous to HIV treatment in Africa, which many imagined was a futile effort at its outset. 26 Many African countries are in the process of developing infrastructures for cancer control and management, while it appears there is minimal political will-power to support national cancer control programmes in some of the more developed economies in Africa. 27 Even though the World Health Organization has developed a comprehensive cancer control programme in developing countries, it would involve a joint global effort and methodologies to facilitate its practical application. 28 Importantly, beside governmental and non-governmental efforts in cancer control, an influential source of support is philanthropic 29 ; selfless support from the public must not be underestimated. Additionally, LMICs must develop a paradigm that does not promote exclusive media hegemony in the public understanding of the cancer control agenda.
Oral cancers, as has been demonstrated, account for a significant proportion of cancers in Africa. Hence oral cancer researchers in Africa are expected to play an important role in educating the public about the increasing burden of oral cancer and possible preventive measures required to reduce such burdens.
A review of the economic burden of head and neck cancer using 77 studies, mostly from the USA, revealed a generally high cost of management. 30 For example, USA spent as much as US$8.5 billion in 2008 on cancer management; although African countries were not included in this study, such high spending would be prohibitive in Africa.
Many developing countries continue to spend small proportions of their annual gross domestic product (GDP) on healthcare. For instance, India (with a very high burden of oral cancer) in 2010 spent 3.7% of its GDP on health leading to contribution of up to 71.8% of expenditure on health from private pockets.
In contrast to this, in the United Kingdom in the same year, private contributions to healthcare expenditure totalled only 16.8%. 31 Socioeconomic considerations, illiteracy and possibly chronic infection have been identified as important related factors for oral cancer in studies from Nigeria. 32, 33 Another study reviewed 27 papers which had been published in Nigeria, finding a high burden of head and neck cancer in the country, 34 but there is still a need for studies that compare the ranking of HNC and UADTC with other cancers in Nigeria.
Some studies described the burden of oral cancer in Kenya as very low, 35 while others noticed an unchanged frequency or pattern of distribution in this population despite major lifestyle changes and the emergence of the HIV/AID epidemic. 36 The same group later reported a prominence of head and neck cancer in the population. 37 The initial lower incidences previously reported in Kenya as compared with our study may be due to those researchers isolating only lip and oral cancer from the HNC or UADTC.
The burden of oesophageal cancers in Kenya is high, is mainly accounted for by oral habits such as consumption of Chang'a, mursik and busaa; tobacco snuffing, and hot tea drinks, environmental nitrosamine exposure, and poor oral health 38 and probably contributed to the high ranking of UADTC in Kenya, as revealed by our study.
A review of 33 oral cancer based publications from Sudan demonstrated that oral habits such as Toombak use and high risk HPV infection may play important roles in oral cancer aetiology. 39 A report from the Sudanese national population-based cancer registry in Khartoum revealed that oral cancer is the sixth highest ranked cancer in all adults older than 15 years and is commoner in males than in females in this population. 40 In contrast, the present study found HNC to be ranked second and UADTC ranked first, a disparity which may be due to the combined ASIR approach applied in the study.
Also to be borne in mind is the fact that there are many data discrepancies in the population and hospital based cancer registry records, particularly in the developing world. 41 Even though there seems to be a higher ranking of HNC and UADTC in less developed areas compared with the more developed, a study from Egypt demonstrated that RESEARCH 486 > the overall incidence of HNC was higher in the urban areas as compared with the rural areas. 42 An increasing trend in the incidence of HNC in South Africa has been reported over the years from 1992 to 2001, 43 and it was observed that Mixed Ancestry ("Coloured") South Africans had the highest incidences among all ethnicities.
It was also observed that Blacks had the least incidences, but this is almost certainly due to poor access to healthcare, especially in the rural areas, leading to missing data.
Such intra-country disparity in HNC and UADTC distribution is yet to be investigated in many African countries and warrants further research.
The combined burden of cancers in the head and neck region requires substantial further research attention in Africa. Understanding the molecular biology and potential novel targeted therapies [44] [45] [46] [47] [48] [49] which may be applicable for oral cancer in Africans will bring appreciable progress to reducing the burden of HNC and UADTC in Africa.
Considering that the diagnostic and treatment opportunities for HNC and UADTC in sub-Saharan Africa are generally dismal, there is a great need to prioritise the financing of UADTC research efforts in Africa by NGO's, governmental agencies, philanthropists and health policy makers.
Establishment of mutually beneficial collaborations, linkages, training and infrastructure development should be urgently promoted in Africa through establishing sustainable Research and Education Networks (RENs) within Africa, in collaboration with the more developed world.
As the journey of understanding the true burden of HNC and UADTC in Africa unfolds; clinicians, pathologists, basic medical scientists, molecular cancer biologists and statisticians need to apply their concerted efforts to reducing the burden of cancer in the continent -and globally.
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